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(54) Method and system for designating objects 

(57) An improved technique for highlighting text 
objects accurately, reliably and quickly is disclosed. The 
technique minimizes the number of expensive region 
operations required to produce the necessary highlight- 
ing by combining bounding boxes of adjacent objects 
(e.g., words) using rectangle operations. The resulting 
rectangles are then used to form a region. The complex- 
ity of the regions is limited by limiting the number of rec- 
tangles that can be included within a region. Once a 
region is formed, the pixels of a display screen that are 



within the region are inverted to designate the objects 
within the region. However, before inverting the pixels, 
any overlap of the region with a previously highlighted 
region is eliminated or clipped from the region. The por- 
tion of overlap can be determined by rectangle opera- 
tions instead of expensive region operations. As a 
result, double inverts which have plagued highlighting of 
having objects that can be placed at any position or 
rotation are eliminated in an el 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates generally to a method of des- 
ignating objects visually appearing on a computer mon- 
itor during operation of computer application programs, 
and more particularly, to a method of highlighting 
objects appearing in a non-linear format. 

2. Description of the Related Art 

The majority of computer application programs 
generate data and then output that data to a user as 
objects (i.e., alpha-numeric characters or graphical 
objects) appearing visually on a computer monitor. It is 
often desirable to allow the user to quickly and efficiently 
manipulate the data generated by the computer pro- 
gram and then output the manipulated data to the user 
via the computer monitor. For example, in text processor 
programs, it is desirable to allow the user to designate 
certain portions of text and then change that designated 
text by performing stylistic operations such as holding, 
underlining, or italicizing. Similarly, in spreadsheet pro- 
grams, it is desirable to allow the user to designate cer- 
tain numbers and then change those designated 
numbers by performing mathematical or statistical oper- 
ations. Also, in graphic programs, it is desirable to allow 
the user to designate certain graphical objects and then 
change those designated objects by performing rotate, 
invert, move, or similar operations. Generally, an impor- 
tant feature of many computer application programs is 
the ease with which the user can quickly and efficiently 
designate data for subsequent manipulation. 

The designation process is usually accomplished 
by moving a cursor to different portions on the visual 
output of the computer monitor, with the cursor position 
used to designate the point of data entry. The cursor is 
a position indicator which is visually displayed on the 
computer monitor. The cursor can be positioned by a 
user using many different input devices, including key- 
boards, "mice", track balls or styluses. 

Different visual methods are used by computer 
application programs to delineate objects (i.e., alpha- 
numeric characters, graphic objects, or other like items) 
for manipulation. For example, the application program 
can change the intensity of the designated objects to 
highlight either the designated area or the surrounding 
area. Also, the application program can change the 
color of the designated objects to differ from the back- 
ground in surrounding areas. Alternatively, the program 
can cause the designated objects to "blink" and thereby 
distinguish those objects from the surrounding area 

A common method used to delineate selected 
objects is to highlight them using an "invert" operation. 
Inverting is a graphic operation performed on a set of 
pixels on the computer monitor. That set may include 



only one pixel, all of the pixels inside a rectangle, or any 
possibly disconnected set of areas of the computer 
monitor. Inverting a pixel "reverses" its color. Thus, 
black pixels become white, and white pixels become 

5 black. Every color has its own "reverse" color as well. 
Inverting has a number of properties which make it well 
suited to object highlighting. First, it produces high-con- 
trast results, making it easy to see what is highlighted. 
Second, it is reversible, since inverting an area of the 

to computer monitor twice results in the original set of 
colors. Finally, it is applied to objects that have already 
been drawn, without requiring that the highlighted object 
be redrawn when it is selected or de-selected. The com- 
bination of the later two properties are important 

15 because redrawing the objects is often unacceptably 
slow. 

There exists today two standard invert-based tech- 
niques used by application programs to highlight 
objects on the computer monitor. These techniques are 

20 described in detail below. 

For most application programs, a simple technique 
can be used to highlight all of the selected objects using 
inverting. The simple technique operates as follows: For 
each object, calculate an area which encloses the 

25 object and invert that area. For n objects, this results in 
n highlighted areas on the computer monitor, without 
having to redraw the selected objects. Most existing text 
processors and spreadsheets use this technique to 
highlight selected words. For each word to be high- 

30 lighted, the text processor first determines the "bound- 
ing box" of the word. The bounding box is the possibly 
rotated rectangle that encloses the word on the screen. 
This bounding box is then inverted and the next word is 
processed. 

35 The simple technique, however, will fail if it is possi- 
ble for the area enclosing one object to overlap with the 
area enclosing another object. In this case some pixels 
may be inverted more than once, resulting in inaccurate 
highlighting. This is often referred to as the "double 

40 invert" problem. Specifically, if two objects have overlap- 
ping areas, the pixels which are common to both objects 
will be inverted twice This results in an area which 
appears to be unselected, and if the objects overlap sig- 
nificantly, neither object will appear selected at all. Con- 

45 ventional text processors as described above have a 
number of qualities which prevent this problem. Specifi- 
cally, the conventional text processors have extensive 
knowledge and control over the relative position of 
words and characters in the document, and they require 

so that the text be placed in linear, horizontal positions with 
no rotated or overlapping text. The net result of these 
limitations is that no bounding boxes overlap, thereby 
allowing the conventional text processors to avoid "dou- 
ble inverts." 

55 More complicated object processing application 
programs allow arbitrarily positioned and rotated 
objects and overlapping bounding boxes. Highlighting in 
these types of applications, therefore, cannot be accu- 
rately performed using the simple technique described 
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above. Instead, these application programs traditionally 
use a second technique that requires the use of a pow- 
erful geometric object called a "region." Like rectangles, 
a region defines a set of pixels on the computer monitor. 
Regions, however, can define any combination of pixels, 5 
including disjoint and non-rectangular areas. Specifi- 
cally, a single region can be created that contains 
exactly the same pixels as the combination of any 
number of rectangles. Such a region is created by Using 
a "union" operation. The union of two regions is a new 
region which contains all of the pixels in either region, 
including pixels which are in both regions. Thus, if an 
application program can create a series of regions 
which enclose each object to be highlighted, then a sin- 
gle region can be formed that contains every pixel that 
should be inverted on the computer monitor. 

By using region operations, the second technique 
can accurately highlight any set of objects on the 
screen. The second technique operates as follows. 
Start with an empty region X. For each object to be 
highlighted, create a temporary region that encloses the 
object. This region, for example, might just be the region 
which contains the same pixels as the object's bounding 
box. Next, union this temporary region with region X, 
and replace X with the result of the union. Repeat these 
steps for each object to be highlighted. Finally, invert 
region X once and all of the objects get highlighted at 
once, with no possibility of double inverts. 

While this second technique has been used by 
application programs to produce accurate highlighting, 
it suffers two major deficiencies, both relating to the fact 
that it depends on region operations. First, the second 
technique might fail in practice because region opera- 
tions require a great deal of memory resources of the 
computer system. This can lead to low-memory situa- 
tions where a region union or region invert could in fact 
fail completely, resulting in inaccurate or non-existent 
highlighting. In the worst case, this could lead to a sys- 
tem crash. Second, the second technique can be 
extremely slow in practice because region operations 
themselves are slow. Further, as a region gets more 
complex, the time required to perform an operation on it 
increases greatly. Hence, when the objects to be high- 
lighted are complex and/or numerous, the performance 
of the second technique can become unusable, even on 
the fastest of computers. 

Thus, existing methods of highlighting text cannot 
highlight overlapping or non-linear text in a fast, reliable 
and efficient manner without double inverts. Use of 
bounding rectangles allows a fast and efficient highlight 
operation, but often results in double inverts. Similarly, 
use of a single bounding region to highlight text pre- 
vents double inverts, but cannot perform the operation 
in a fast and efficient manner. A need exists for a fast, 
reliable and efficient method to highlight overlapping or 
rotated text without incurring any double inverts. 



SUMMARY OF THE INVENTION 

Broadly speaking, the invention is an improved 
technique for designating (i.e., highlighting) objects 
accurately, reliably and quickly. The technique accord- 
ing to the invention minimizes the number of expensive 
region operations required to produce the necessary 
designating (i.e., highlighting). More particularly, the 
technique combines bounding boxes of adjacent 
objects (e.g., words) to the extent possible using rectan- 
gle operations, thereby allowing multiple objects to be 
represented as a single rectangle. The resulting rectan- 
gles are then used to form a region. The complexity of 
the region is limited by limiting the number of rectangles 
that can be included within it. By limiting the complexity 
of regions, the demand for system resources is control- 
led so that lack of sufficient memory resources will not 
cause inaccurate or failed designation. Once a region is 
formed, the pixels of a display screen that are within the 
region are inverted to designate the objects within the 
region. However, before inverting the pixels, any overlap 
of the region with a previously designated region is elim- 
inated or clipped from the region. As a result, double 
inverts, which have plagued highlighting of files (e.g., 
portable electronic document files) having objects that 
can be placed at any position or rotation, are eliminated 
in an efficient manner. In addition, the improved tech- 
nique according to the invention is able to bypass the 
processing of objects to be designated which are not 
currently visible on the screen. 

The invention can be implemented in numerous 
ways, including as a method, a system, or a computer 
readable medium. 

As a computer-implemented method for designat- 
ing objects on a display screen of a computer system, 
an embodiment of the invention includes the operations 
of: receiving a plurality of objects to be designated on 
the display screen; determining bounding boxes for 
each of the objects; combining certain of the adjacent 
bounding boxes; subsequent to the combining, forming 
a region with the bounding boxes; removing from the 
region that portion which overlaps with one or more of 
the previously inverted regions; and designating the 
region so as to designate the objects within the region. 

Optionally, the embodiment of the invention also 
designates the objects one region at a time, with the 
region holding up to a predetermined maximum number 
of bounding boxes, and forms the region with a 
sequence of the bounding boxes. It is preferred that the 
objects being designated are words and that the desig- 
nation operates to highlight the words. 

As a computer-implemented method for highlight- 
ing text, another embodiment of the invention includes 
the operations of: receiving a word range of text to be 
highlighted; providing a graphical region; obtaining a 
word within the word range of text to be highlighted; 
determining a bounding rectangle for the word; deter- 
mining if the bounding rectangle should be combined 
with a previous bounding rectangle; combining the 
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bounding rectangle with the previous bounding rectan- 
gle when the determining operation determines that 
they should be combined; adding the bounding rectan- 
gle to the region when the determining operation deter- 
mines that they should not be combined; repeating the 5 
obtaining through the adding operations until either a 
predetermined number of rectangles has been added to 
the region or all the words in the word range have been 
processed; and subsequently inverting the region 
thereby producing the highlighted text. 

As a system for designating objects on a display 
screen of a computer system, an embodiment of the 
invention includes: a portable electronic document file 
containing a plurality of objects to be designated on the 
display screen; a bounding box builder for determining 
bounding boxes for each of the objects; a bounding box 
combiner for combining certain of the adjacent bound- 
ing boxes; a region builder for forming a region from the 
bounding boxes; an overlap clipper for removing from 
the region that portion which overlaps with one or more 
of the previous regions; and an designator for modifying 
pixels on the display screen that are within the region, 
thereby designating the objects. 

As a computer readable medium containing pro- 
gram instructions for designating objects on a display 
screen of a computer system, an embodiment of the 
invention includes: computer readable code for receiv- 
ing a plurality of objects to be designated on the display 
screen; computer readable code for determining bound- 
ing boxes for each of the objects; computer readable 
code for combining certain of the adjacent bounding 
boxes; computer readable code for forming a region 
with the bounding boxes; computer readable code for 
removing from the region that portion which overlaps 
with one or more of the previously inverted regions; and 
computer readable code for inverting the region, 
thereby designating the objects within the region. 

As a computer readable medium containing pro- 
gram instructions for highlighting text , another embodi- 
ment of the invention includes: first computer readable 
code for receiving a word range of text to be highlighted; 
second computer readable code for providing a graphi- 
cal region; third computer readable code for obtaining a 
word within the word range of text to be highlighted; 
fourth computer readable code for determining a bound- 
ing rectangle for the word; fifth computer readable code 
for determining if the bounding rectangle should be 
combined with a previous bounding rectangle; sixth 
computer readable code for combining the bounding 
rectangle with the previous bounding rectangle when 
the fifth computer readable code determines that they 
should be combined; seventh computer readable code 
devices for adding the bounding rectangle to the region 
when fifth computer readable code determines that they 
should not be combined; eighth computer readable 
code for repeating the third through the seventh compu- 
ter readable code until either a predetermined number 
of rectangles has been added to the region or all the 
words in the word range have been processed; and 



ninth computer readable code for inverting the region, 
thereby producing the highlighted text. 

Other aspects and advantages of the invention will 
become apparent from the following detailed descrip- 
tion, taken in conjunction with the accompanying draw- 
ings, illustrating by way of example the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be readily understood by the fol- 
lowing detailed description in conjunction with the 
accompanying drawings, wherein like reference numer- 
als designate like elements, and in which: 

FIG. 1 is a block diagram of a exemplary computer 
system in accordance with an embodiment of the 
invention; 

FIG. 2 is a flow chart of designation processing 
according to a first embodiment of the invention; 
FIGS. 3A-3C are flow charts illustrating highlight 
processing according to a second and more 
detailed embodiment of the invention; and 
FIGS. 4A-4E are illustrations of the highlight 
processing performed on displayed images derived 
from a portable electronic document. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the invention are discussed below 
with reference to the drawings. However, those skilled in 
the art will readily appreciate that the detailed descrip- 
tion given herein with respect to these figures is for 
explanatory purposes as the invention extends beyond 
these limited embodiments. 

The invention provides an improved technique for 
designating (i.e., highlighting) text objects accurately, 
reliably and quickly. The technique according to the 
invention minimizes the number of expensive region 
operations required to produce the necessary designat- 
ing (i.e., highlighting). This is achieved by combining 
bounding boxes of adjacent objects (e.g., words) to the 
extent possible using rectangle operations, thereby 
allowing multiple objects to be represented as a single 
rectangle. The resulting rectangles are then used to 
form a region. The complexity of the regions is limited by 
limiting the number of rectangles that can be included 
within a region. By limiting the complexity of regions, the 
demand for system resources is controlled so that lack 
of sufficient memory resources will not cause inaccu- 
rate or failed designation. Once a region is formed, the 
pixels of a display screen that are associated with the 
region are inverted to designate the objects within the 
region. However, before inverting the pixels, any overlap 
of the region with a previously designated region is elim- 
inated or clipped from the region. The portion of overlap 
can be determined by rectangle operations instead of 
expensive region operations. As a result, double inverts 
which have plagued highlighting of files (e.g., portable 
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electronic document files) having objects that can be 
placed at any position or rotation are eliminated in an 
efficient manner. Experiments have shown that high- 
lighting of such files is sped up by a factor of ten to one- 
thousand times by the invention, In addition, the 
improved techniques according to the invention are able 
to bypass the processing of objects to be designated 
which are not currently visible on the screen . Further- 
more, error handling can also be implemented to catch 
low system resource conditions in which case the com- 
plexity of the regions can be reduced and the process- 
ing again tried. 

A rectangle is a common graphics object that repre- 
sents only an unrotated right quadrilateral. Rectangle 
operations include intersection, union and invert which 
are all very fast and require minimal system resources. 
Unlike rectangle operations, region operations are con- 
siderably slower and require substantially greater sys- 
tem resources. Further, region operations (union, 
intersection, invert) get increasingly slower and more 
costly as the region gets more complex. Regions, no 
matter how complex, also have a bounding rectangle. 

FIG. 1 is a block diagram of an exemplary computer 
system 1 0 for designating objects in accordance with 
the invention. The computer system 1 0 includes a dig- 
ital computer 1 1 , a display screen (or monitor) 22, a 
printer 24, a floppy disk drive 26, a hard disk drive 28, a 
network interface 30, and a keyboard 34. The digital 
computer 1 1 includes a microprocessor 1 2, a memory 
bus 14, random access memory (RAM) 16, read only 
memory (ROM) 18, a peripheral bus 20, and a keyboard 
controller 32. The digital computer 1 1 can be a personal 
computer (such as an IBM compatible personal compu- 
ter), a workstation computer (such as a SUN or Hewlett- 
Packard workstation), or some other type of computer. 

The microprocessor 12 is a general purpose digital 
processor which controls the operation of the computer 
system 10. The microprocessor 12 can be a single-chip, 
processor or can be implemented with multiple compo- 
nents. Using instructions retrieved from memory, the 
microprocessor 12 controls the reception and manipula- 
tion of input data and the output and display of data on 
output devices. In the described embodiment, a function 
of microprocessor 12 is to examine a range of objects 
(e.g., words) to be designated (e.g., highlighted), group 
bounding boxes of certain adjacent objects, avoid dou- 
ble inverts, and invert the objects to designate the 
objects. 

The memory bus 14 is used by the microprocessor 
1 2 to access the RAM 1 6 and the ROM 18. The RAM 1 6 
is used by the microprocessor 1 2 as a general storage 
area and as scratch-pad memory, and can also be used 
to store input data and processed data. The ROM 1 8 
can be used to store instructions followed by the micro- 
processor 1 2 as well as image descriptions and charac- 
ter outlines used to display images in a specific format. 
For example, input data from a file can be in the form of 
PostScript® or other page description language charac- 
ter codes to represent characters. The characters' asso- 



ciated character outlines can be retrieved from the ROM 
18 when bitmaps of the characters are rendered to be 
displayed as rendered images by a raster output device. 
Alternatively, such image descriptions and character 

5 outlines can be included in ROM or RAM within an out- 
put device, such as printer 24. 

The peripheral bus 20 is used to access the input, 
output, and storage devices used by the digital compu- 
ter 11. In the described embodiment, these devices 

10 include the display screen 22, the printer device 24, the 
floppy disk drive 26, the hard disk drive 28, and the net- 
work interface 30. The keyboard controller 32 is used to 
receive input from keyboard 34 and send decoded sym- 
bols for each pressed key to microprocessor 12 over 

15 bus 33. 

The display screen 22 is an output device that dis- 
plays images of data provided by the microprocessor 1 2 
via the peripheral bus 20 or provided by other compo- 
nents in the computer system 10. In the described 

20 embodiment, the display screen 22 is a raster device 
which displays images on a screen corresponding to 
bits of a bitmap in rows and columns of pixels. That is, a 
bitmap can be input to the display screen 22 and the bits 
of the bitmap can be displayed as pixels. An input bit- 

25 map can be directly displayed on the display screen 22, 
or components of computer system 10 can first render 
codes or other image descriptions from a page descrip- 
tion file into bitmaps and send those bitmaps to be dis- 
played on the display screen 22. Raster display screens 

30 such as CRT's, LCD displays, etc. are suitable for use 
as the display screen 22. 

The printer device 24 provides an image of a bit- 
map on a sheet of paper or a similar surface. The printer 
24 can be a laser printer, which, like display screen 22, 

35 is a raster device that displays pixels derived from bit- 
maps. The printer device 24 can also print images 
derived from coded data such as found in a page 
description language file. Other output devices such as 
a plotter, typesetter, etc. can be used in place of or in 

40 addition to the printer device 24. 

To display images on an output device, such as the 
display screen 22 or the printer 24, the computer sys- 
tem 1 0 can implement one or more types of procedures. 
One procedure is to transform coded objects into image 

45 descriptions. For example, the code for a text character 
is a portion of an image description which takes up less 
memory space than several copies of the bitmap of the 
recognized character. The text character code can 
include associated information which specify how the 

so character is to be displayed, such as positional coordi- 
nates (i.e., x and y coordinates), size, font, etc. A well 
known page description language for specifying image 
descriptions is the PostScript® language, and a well 
known portable electronic document language for spec- 

55 ifying image descriptions is the Portable Document For- 
mat (PDF) language. Both Postscript and PDF are 
available from Adobe Systems, Inc. of Mountain View, 
California. The image description can reference stored 
character outlines which describe the shape of the char- 
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acter and includes other rendering information. A well- 
known character outline format is the Type 1 ® format, 
by Adobe Systems, Inc. Using character outlines, com- 
puter system 1 0 can render a bitmap for each character 
and send the bitmap to a memory cache or other stor- 5 
age area that is accessible to an output device for dis- 
play. In other embodiments, output devices such as 
printers can include microprocessors or similar control- 
lers which can render a bitmap from character outlines. 
A page description language (PDL) file is a file or similar T0 
storage unit which includes objects of an image descrip- 
tion stored in a page description language such as Post- 
Script. A portable electronic document file is a file or 
similar storage unit which includes objects of an image 
description stored in a portable electronic document 15 
language such as PDF. A portable electronic document 
can include objects represented by a page description 
language, such as PostScript. A page description lan- 
guage file is thus considered a portable electronic doc- 
ument herein. 2 o 

The floppy disk drive 26 and the hard disk drive 28 
can be used to store bitmaps, image descriptions 
(coded data), and character outlines, as well as other 
types of data. The floppy disk drive 26 facilitates trans- 
porting such data to other computer systems, and hard 25 
disk drive 28 permits fast access to large amounts of 
stored data such as bitmaps, which tend to require large 
amounts of storage space. 

The microprocessor 12 together with an operating 
system (not shown) operate to execute computer code 30 
and produce and use data. The computer code and 
data may reside on the RAM 16, the ROM 18, or the 
hard disk drive 28. The computer code and data could 
also reside on a removable program medium and 
loaded or installed onto the computer system 10 when 35 
needed. Removable program mediums include, for 
example, CD-ROMs, PC-CARDs, floppy disk and mag- 
netic tape. 

The network interface 30 is used to send and 
receive data over a network connected to other compu- 40 
ter systems. An interface card or similar device and 
appropriate software implemented by the microproces- 
sor 12 can be used to connect the computer system 10 
to an existing network and transfer data according to 
standard protocols. 45 

The keyboard 34 is used by a user to input com- 
mands and other instructions to the computer system 
1 0. Images displayed on the display screen 22 or acces- 
sible to the computer system 10 can be edited, 
searched, or otherwise manipulated by the user by 50 
inputting instructions on the keyboard 34. Other types of 
user input devices can also be used in conjunction with 
the present invention. For example, pointing devices 
such as a computer mouse, a track ball, a stylus, or a 
tablet can be used to manipulate a pointer on a screen 55 
of a general-purpose computer. 

A portable electronic document (i.e., PDF) file for- 
mat allows objects, in particular text objects, to be 
placed at any position or rotation on a page. The arbi- 



trary or generalized placement of text objects causes 
significant problems when highlighting text objects on a 
screen. In particular, conventional solutions to the dou- 
ble invert problem discussed above cause erroneous 
highlighting and/or sluggish performance. The inven- 
tion, on the other hand, provides an improved technique 
to highlight text objects efficiently and reliably while 
avoiding any double inverts. 

FIG. 2 is a flow chart of designation processing 
according to a first embodiment of the invention. The 
designation processing 40 is, for example, carried out 
by the computer system 10 illustrated in FIG. 1 . 

Initially, the designation processing 40 receives 42 
a word range to be designated (i.e., highlighted). The 
word range refers to text objects on a page which are to 
be designated . The word range may be a single range 
of consecutive words, disjoint ranges of consecutive 
words, or disjoint isolated words. In any case, the word 
ranges identify the words on a page which are to be 
designated . Normally, the text on a page is defined as 
a series of numbered words. For example, a page might 
have 150 words, where the first word on the page is 
word number 1 and the last word on the page is word 
number 150. When text is to be designated on the page, 
the designating is typically described as designating a 
range of words. For example, designating a word range 
from 1 to 50, would designate the first fifty words on the 
page. The designating (i.e., highlighting) of the words 
would, of course, appear on the display screen 22. 

Next, the designation processing 40 determines 44 
bounding boxes for the individual words within the word 
range. A bounding box is a quadrilateral enclosing a 
word. For horizontal text, the bounding box is usually a 
rectangle. A preferred technique for determining the 
bounding boxes is described in detail in U.S. Patent 
Application No. 08/304,762 entitled "METHOD AND 
APPARATUS FOR IDENTIFYING WORDS 
DESCRIBED IN A PAGE DESCRIPTION LANGUAGE 
FILE", and 08/304,678 entitled "METHOD AND APPA- 
RATUS FOR IDENTIFYING WORDS DESCRIBED IN A 
PORTABLE ELECTRONIC DOCUMENT", both of 
which are hereby incorporated by reference in their 
entirety. 

The bounding boxes of adjacent words are then 
combined 46 to the extent possible. Namely, adjacent 
words on a line of normal horizontal text are usually 
combined. In such cases, it is possible to obtain a com- 
bined bounding box that is associated with an entire line 
of text. However, when adjacent words on a line of hori- 
zontal text are separated by a distance greater than 
would be the case with related text of a sentence or par- 
agraph, such as when columns are presented on a 
page, the bounding boxes would not be combined. The 
separation distance is determined from the coordinate 
points for the respective boxes . 

Thereafter, a predetermined number of combined 
bounding boxes are added 48 to a region. For perform- 
ance reasons, the region is prevented (by the predeter- 
mined number) from becoming too large. The size of the 
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region is limited so that reliability results and large 
amounts of system resources are not required. A region 
is a common graphics object that can represent any 
shape. Initially, the region is empty. Then, up to a prede- 
termined number of the combined bounding boxes are 
added 48 to the region. 

Next, a decision 50 is made based on whether the 
region intersects bounding boxes for words within previ- 
ously designated regions. The intersection of the region 
with bounding boxes for words within previously desig- 
nated regions is determined using rectangle operations. 
That is, the coordinates of the bounding boxes associ- 
ated with previous regions are compared against the 
coordinates of the bounding box corresponding to the 
region. If the region is determined to be intersected by 
the bounding boxes of previous regions, the intersecting 
region (or intersecting portion thereof) is subtracted 52 
from the region. Preferably, up to a line of bounding 
boxes within the previous regions are first combined 
and then used to determine whether there is an inter- 
section, thereafter another line is obtained and checked 
for intersection. This way only a simple rectangular 
region has to be created for the subtraction (or clipping) 
operation. 

Following block 50 when the region does not inter- 
sect the bounding boxes of previous regions or following 
block 52, the region is designated 54. When the desig- 
nating is highlighting, the region is inverted. Regions, 
like individual rectangles, can be inverted to indicate 
highlighting. Inverting is a graphic operation performed 
on a set of pixels on a display screen. That set may 
include only one pixel, all of the pixels inside a rectan- 
gle, or any possibly disconnected set of areas of the dis- 
play screen. Inverting a pixel "reverses" its color. 

The region is then emptied 56 so that it is available 
to determine a next region. Following block 56, the des- 
ignation processing 40 is complete and ends. 

FIGS. 3A - 3C are flow charts illustrating highlight 
processing 60 according to a second and more detailed 
embodiment of the invention. The highlight processing 
60 is, for example, performed by the computer system 
10 illustrated in FIG. 1. 

Initially, the highlight processing 60 receives 62 a 
word range to be highlighted. The word range is, for 
example, denoted by a first word number and a last 
word number. The first word number indicates the first 
word on a page to be highlighted and the last word 
number indicates the last word on the page to be high- 
lighted. All words on the page between the first word 
number and the last word number are also to be high- 
lighted. 

Next, a predetermined maximum number of rectan- 
gles per region is set 64. Preferably, the predetermined 
maximum number is set by the application program 
seeking to perform the highlighting based on what is 
suitable for an application program and the computer 
system. For example, experience has indicated that for 
Macintosh computer systems, a maximum number of 
200 rectangles would be preferred, and for a Windows 



environment, a maximum number of 160 rectangles 
would be preferred. The maximum number could be 
lowered if system resources are low. An empty region is 
also created 66 to hold a next band of words to be high- 

5 lighted at the same time. A band is the number of words 
that are represented by a region. 

A decision 68 is then made based on whether all of 
the words that are to be highlighted have been proc- 
essed. A word is considered to have been processed 

10 when the word is included within a region and thereafter 
highlighted as was requested. If all of the words have 
been so processed, the highlight processing 60 is com- 
plete and ends. On the other hand, if all of the words 
have not yet been processed, the highlight processing 

is 60 continues. In particular, following decision block 68, 
the next word within the word range to be highlighted is 
obtained 70. A bounding rectangle for the word is then 
determined 72. As discussed above, the determining of 
a bounding rectangle is preferably determined as 

20 described in U.S. Patent Application Nos. 08/304,76 
and 08/304,678 as mentioned above. 

Following block 72, a decision 74 is made based on 
whether or not the bounding rectangle for the word is 
visible. If the bounding rectangle for the word is not vis- 

25 ible on the display screen 22, then there is no need to 
perform any further processing on the word; hence, the 
highlight processing 60 returns to repeat block 68 and 
subsequent blocks. On the other hand, if the bounding 
rectangle for the word is visible, then the highlight 

30 processing 60 continues. Namely, a decision block 76 
then determines whether the bounding rectangle can be 
combined with the previous bounding rectangle. Here, 
the combining of the rectangles is permitted if they are 
adjacent in a horizontal sense (i.e., on a horizontal line 

35 of text) and also close enough to each other so as to 
indicate that the words are associated with the bound- 
ing rectangles are adjacent words within a line of text. 
Preferably, the adjacent bounding boxes are combined 
only when the vertical heights are the same and the hor- 

40 izontal separation is less than or equal to the vertical 
height. 

If the decision block 76 determines that the bound- 
ing rectangle can be combined with the previous bound- 
ing rectangle, then the bounding rectangles are 

45 combined 78. The combining of the bounding rectan- 
gles is a rectangle union operation that is well known in 
the art. Following block 78, the highlight processing 60 
returns to repeat block 68 and subsequent blocks. 
On the other hand, when the decision block 76 

so determines that the bounding rectangle cannot be com- 
bined with the previous bounding rectangle, the previ- 
ous rectangle is added 80 to the region. The adding 80 
of a bounding rectangle is achieved by a union opera- 
tion. Preferably, the adding 80 includes two steps, 

55 namely (i) creating a temporary region equivalent to the 
bounding rectangle and (ii) unioning the temporary 
region with the region. Here, the previous rectangle has 
already been combined with other rectangles to the 
extent possible. Hence, the previous bounding rectan- 
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gle is only added to the region when the previous 
bounding rectangle has been combined with other rec- 
tangles to the extent possible. The current rectangle 
which is not being combined with this bounding rectan- 
gle becomes the first bounding rectangle for the next 5 
iteration of the processing to combine adjacent bound- 
ing rectangles. 

Following block 80, a decision block 82 determines 
whether the number of rectangles in the region is 
greater than or equal to the predetermined maximum to 
number. The predetermined maximum number was set 
in block 64. When the decision block 82 determines that 
the number of rectangles within the region is not greater 
than or equal to the predetermined maximum number, 
then the highlight processing 60 continues for the partic- 15 
ular region by returning to block 68 and subsequent 
blocks. On the other hand, if the number of rectangles in 
the region equals or exceeds the predetermined maxi- 
mum number, then the region is deemed to be filled and 
no additional bounding rectangles may be added to the 20 
region. Subsequent words which are to be highlighted 
must then fall within a different region. When the region 
is complete or filled, a decision block 84 determines 
whether all previously highlighted words have been con- 
sidered for overlap. 25 

When all the previously highlighted words have not 
been considered for overlap, additional processing is 
carried out to identify if there are any overlapping 
regions and when overlapping regions are identified 
they are removed from the region. In particular, follow- 30 
ing decision block 84 when additional processing is 
needed, the next previously highlighted word is 
obtained 86. Here, the words that have already been 
highlighted are obtained 86 to check for any overlap 
with the current region. For performance reasons, the 35 
overlap checking is done with rectangle operations, 
instead of region operations. Hence, the bounding rec- 
tangle for the previous word or words is determined 88 
while combining the bounding rectangles to the extent 
possible. The combining operation is the same as that 40 
discussed above with respect to blocks 76 and 78. 

Next, a decision block 90 determines whether the 
bounding rectangle intersects the region. If the bound- 
ing rectangle for the previous word or words does not 
intersect the current region, then the decision block 84 45 
and subsequent blocks are repeated to consider poten- 
tial overlap by previous words. On the other hand, when 
the bounding rectangle does intersect the region, a 
region corresponding to the bounding rectangle for the 
previous word or words is subtracted 92 from the region. 50 
The subtraction operation is a region operation that 
removes the overlap portion from the region. Preferably, 
up to a line of text is combined into a combined bound- 
ing rectangle, then, when the combined bounding rec- 
tangle intersects the current region, a temporary region 55 
equivalent to the combined bounding rectangle is cre- 
ated, and then the intersecting portion is removed from 
the current region using a subtraction operation. Prefer- 
ably, the subtraction operation is a union between the 



temporary region with the current region. This approach 
avoids expensive regions to the extent possible, thereby 
providing fast highlighting while avoiding double inverts. 

After block 92 or after the decision block 84 when all 
the previous words have been considered, the region is 
inverted 94. Because the overlap portion was previously 
eliminated from the region, the inverting 94 of the region 
does not produce any double inverts. Following block 
94, the highlight processing 60 empties 96 the region for 
the next iteration. Following block 96, the highlight 
processing 60 returns to block 68 and subsequent 
blocks to process a next region of text to be highlighted. 

The processing for each region is done off-screen 
so that the display screen 22 is not modified until the 
region is correctly inverted. Namely, if the system 
resources are low such that the processing of the region 
cannot correctly complete, the display screen 22 has 
not yet been partially or inaccurately modified. When 
system resources are too low to process a region, the 
band size (region size) is preferably reduced in half (by 
reducing the predetermined maximum number in half) 
and the processing for the now smaller region is started 
over. The reduction in band size can continue to be 
reduced until the system resources are sufficient. As a 
result, the improved technique provided by the invention 
does not fail when system resources are low. 

FIGS. 4A-4E are illustrations of the highlight 
processing 60 shown in FIGS. 3A-3C performed on dis- 
played images derived from a portable electronic docu- 
ment 100. The displayed image in this simplified 
representative example includes a text paragraph and a 
table. In FIG. 4A, the obtaining 70 of the next word and 
the determining 72 of the bounding rectangle of the 
highlight processing 60 are illustrated. Specifically, the 
first word obtained 70 is the word "This" and the bound- 
ing rectangle 102 for the word "This" is then determined. 
Thereafter, the next word "is" is obtained 70 and its 
bounding rectangle 103 determined 72. In this example, 
all the bounding rectangles are visible. The bounding 
rectangle 102 and the adjacent bounding rectangle 103 
are then combined 78 into a single bounding rectangle. 
In this example, the process repeats until the bounding 
rectangles of all the words in the first line of the portable 
electronic document 100 are combined into a bounding 
rectangle 104 as illustrated in FIG. 4B. 

When the next word "of" in the portable electronic 
document 100 is obtained 70 and its bounding rectangle 
determined 72, the bounding rectangle is not combined 
with the bounding rectangle 104 because it is on a dif- 
ferent horizontal line of text. The bounding rectangle 
104 in this case has been combined to the extent possi- 
ble and added 80 to the region. 

Thereafter, the processing operates to produce a 
bounding rectangle for the second line of the portable 
electronic document 100. The bounding rectangle for 
the second line of text (i.e., "of how the invention") is 
then added 80 to the region. The addition 80 is a region 
operation. The result of the region operation is a first 
region 1 06 associated with adding the bounding rectan- 
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gles for the first and second lines of text and illustrated 
in FIG. 4C. Note that by combining rectangles to the 
extent possible with rectangle operations, the number of 
costly region operations is substantially reduced by the 
invention. Also, for this example, it is assumed that the 
predetermined number used in decision block 82 is two. 
Hence, the first region 106 illustrated in FIG. 4C is filled 
as it holds two rectangles. The first region 106 is then 
inverted 94 so as to highlight the text on the display 
screen 22. Although not illustrated, the inverting 94 
would invert each of the pixels within the first region 
106. 

FIG. 4D illustrates a second region 108 formed 
from two bounding rectangles, the first of which results 
from the third line of text and the second of which results 
from the bounding rectangles for "Table 1 ". Here, since 
the first region 106 has already been displayed, the 
operations of blocks 84-92 must be performed before 
the second region 108 is inverted. Blocks 86 and 88 of 
the highlight processing 60 determine a first bounding 
rectangle of the previously inverted first region. Here, 
the bounding rectangle would be the bounding rectan- 
gle 104 shown in FIG. 4B. Then, decision block 90 
determines that this bounding rectangle 104 of the pre- 
viously inverted first region does not intersect the sec- 
ond region (i.e., the bounding rectangle for the second 
region) 108. Next, blocks 86 and 88 determine another 
bounding rectangle of the previously inverted first 
region, namely the bounding rectangle for the second 
line of text in the portable electronic document 100. The 
decision block 90 then determines that this bounding 
rectangle intersects the second region (i.e., the bound- 
ing rectangle for the second region). Thereafter, as 
shown in FIG. 4E, the bounding rectangle for the sec- 
ond line of text is subtracted 92 from the second region 
108. As a result, an intersecting area 110 is removed 
from the second region 108, thus resulting a clipped 
region 112. Then, the clipped region 1 12 is inverted 94 
so as to highlight the text in the second region 108 on 
the display screen 22 without unhighlighting any portion 
of the first region 104. 

The highlight processing 60 for the remaining 
words in the portable electronic document 100 shown in 
FIGS. 4A - 4E are not discussed. But it should be noted 
that the columns in the table (Table 1) of the document 
1 00 are separated by a distance greater than normal 
separations of words in sentences or paragraphs of text 
documents. Hence, bounding rectangles corresponding 
to the words in the different columns would not be com- 
bined; instead, they would remain individualized. For 
example, the bounding rectangles for "Item" and "Quan- 
tity" would not be combined because at this point in the 
document they are not substantially contiguous. The 
many features and advantages of the present invention 
are apparent from the written description, and thus, it is 
intended by the appended claims to cover all such fea- 
tures and advantages of the invention. Further, since 
numerous modifications and changes will readily occur 
to those skilled in the art, it is not desired to limit the 



invention to the exact construction and operation as 
illustrated and described. Hence, all suitable modifica- 
tions and equivalents may be resorted to as falling 
within the scope of the invention. 

5 

Claims 

1. A computer-implemented method for designating 
objects on a display screen of a computer system, 

10 said method comprising: 

(a) receiving a plurality of objects to be desig- 
nated on the display screen; 

(b) determining bounding boxes for each of the 
is objects; 

(c) combining certain of the adjacent bounding 
boxes; 

(d) subsequent to said combining (c), forming a 
region from the bounding boxes; 

20 (e) removing from the region that portion which 

overlaps with one or more of the previously 
designated regions; and 
(f) designating the region so as to designate 
the objects within the region. 

25 

2. A method as recited in claim 1 , wherein said desig- 
nating (f) operates to highlight the objects within the 
region. 

30 3. A method as recited in claim 2, wherein said 
method designates the objects a region at a time, 
and wherein the region holds up to a predetermined 
maximum number of bounding boxes. 

35 4. A method as recited in claim 3, wherein said filling 
(d) fills the region with a sequence of the bounding 
boxes, and 

wherein said method further comprises: 

40 (g) emptying the region following said designat- 

ing (f); and 

(h) repeating (d) - (g) for a next region and for a 
next sequence of the bounding boxes. 

45 5. A method as recited in claim 1 , wherein said form- 
ing (d) forms the region with the bounding boxes 
that result from said determining (b) after said com- 
bining (c). 

so 6. A method as recited in claim 5, wherein said com- 
bining (c) combines adjacent bounding boxes 
based on a separation distance between the adja- 
cent bounding boxes. 

55 7. A method as recited in claim 1 , wherein the objects 
being designated are words. 

8. A method as recited in claim 7, wherein said desig- 
nating (e) inverts the region so as to designate the 
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objects within the region. 

9. A method as recited in claim 7, wherein said com- 
bining (c) comprises: 

(d) determining whether adjacent bounding 
boxes are on a horizontal line; 
(c2) determining whether adjacent bounding 
boxes determined in (c1) to be on a horizontal 
line are close enough to one another to be 
combined; and 

(c3) combining the adjacent bounding boxes 
determined in (c2) to be close enough to be 
combined. 

10. A method as recited in claim 1 , wherein said remov- 
ing (e) comprises: 

(e1) identifying a previously designated region; 
(e2) determining bounding boxes for each of 
the objects in the previously designated region; 
(e3) combining certain of the adjacent bound- 
ing boxes determined in (e2); 
(e4) determining whether each of the bounding 
boxes produced in (e3) intersect the bounding 
box of the region to be designated; and 
(e5) subtracting, from the region to be desig- 
nated, a region corresponding to each of the 
bounding boxes determined in (e4) to intersect 
the bounding box of the region to be desig- 
nated. 

11. A method as recited in claim 10, wherein said com- 
bining (e3) combines only along a horizontal line of 
objects. 

12. A method as recited in claim 1 , wherein said remov- 
ing (e) comprises: 

(el) determining whether bounding boxes of 
one or more of the previously designated 
regions intersect the bounding boxes of the 
region; and 

(e2) subtracting an intersection region from the 
region when said determining (e1) determines 
that one or more of the bounding boxes of one 
or more of the previously designated regions 
intersect the bounding boxes of the region. 

13. A method as recited in claim 12, 

wherein the objects being designated are 
words, and said designating (f) is highlighting, and 
wherein said combining (c) comprises: 

(c1) determining whether adjacent bounding 
boxes are on a horizontal line; 
(c2) determining whether adjacent bounding 
boxes determined in (d) to be on a horizontal 
line are close enough to one another to be 



combined; and 

(c3) combining the adjacent bounding boxes 
determined in (c2) to be close enough to be 
combined. 

5 

14. A method as recited in claim 13, wherein said 
method designates the objects a region at a time, 
and wherein the region holds up to a predetermined 
maximum number of bounding boxes. 

70 

15. A method as recited in claim 14, wherein said form- 
ing (d) forms the region with a sequence of the 
bounding boxes, and 

wherein said method further comprises: 

15 

(g) emptying the region following said designat- 
ing (f); and 

(h) repeating (b) - (g) for a next region and for a 
next sequence of the bounding boxes. 

20 

16. A method as recited in claim 1 , wherein said desig- 
nating (e) inverts the region so as to designate the 
objects within the region. 

25 17. A method as recited in claim 16, wherein the 
objects being designated are words. 

18. A computer-implemented method for designating 
objects, comprising: 

so 

(a) receiving a word range of text to be high- 
lighted; 

(b) providing a graphical region; 

(c) obtaining a word within the word range of 
35 text to be highlighted; 

(d) determining a bounding rectangle for the 
word; 

(e) determining if the bounding rectangle 
should be combined with a previous bounding 

40 rectangle; 

(f) combining the bounding rectangle with the 
previous bounding rectangle when said deter- 
mining (e) determines that they should be com- 
bined; 

45 (g) adding the bounding rectangle to the region 

when said determining (e) determines that they 
should not be combined; 

(h) repeating (c) - (g) until either the region has 
reached a predetermined size or all the words 

so in the word range have been processed; 

(i) subsequently inverting the region; and 

(j) updating a display screen in accordance 
with the inverted region, thereby producing the 
designated text. 

55 

19. A method as recited in claim 18, wherein said 
method designates the objects a region at a time, 
and 

wherein the predetermined size is based on 
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a predetermined number of bounding rectangles 
being added to the region. 

20. A method as recited in claim 18, wherein said 
method further comprises: 5 

(k) emptying the region following said updating 
G): and 

(I) repeating (c) - (k) for a next region. 

10 

21 . A method as recited in claim 1 8, wherein when sys- 
tem resources of the computer system are unable 
to complete the inverting (i) of the region, the prede- 
termined size is reduced and operations (h) and (i) 

are repeated. 15 

22. A method as recited in claim 18, wherein said deter- 
mining (e) causes said combining (f) to combine 
adjacent bounding rectangles when the adjacent 
bounding rectangles are separated by less than a 20 
predetermined separation distance. 

23. A system for designating objects on a display 
screen of a computer system, said system compris- 
ing: 25 

a portable electronic document file containing a 
plurality of objects to be designated on the dis- 
play screen; 

a bounding box builder for determining bound- 30 

ing boxes for each of the objects; 

a bounding box combiner for combining certain 

of the adjacent bounding boxes; 

a region builder for forming a region from the 

bounding boxes; 35 

an overlap clipper for removing from the region 

that portion which overlaps with one or more of 

the previously designated regions; and 

a designator for modifying pixels on the display 

screen that are within the region, thereby des- 40 

ignating the objects. 

24. A system as recited in claim 23, wherein the objects 
being designated are words, and the designating is 
highlighting. 45 

25. A system as recited in claim 23, wherein said des- 
ignator inverts pixels on the display screen that are 
within the region so as to designate the objects. 

50 

26. A computer readable medium containing program 
instructions for designating objects on a display 
screen of a computer system, said computer read- 
able medium comprising: 

55 

computer readable code for receiving a plural- 
ity of objects to be designated on the display 
screen; 

computer readable code for determining 



bounding boxes for each of the objects; 

computer readable code for combining certain 

of the adjacent bounding boxes; 

computer readable code for forming a region 

with the bounding boxes; 

computer readable code for removing from the 

region that portion which overlaps with one or 

more of the previously designated regions; and 

computer readable code for designating the 

region, thereby designating the objects. 

27. A computer readable medium as recited in claim 
26, wherein at least one of the bounding boxes is 
rotated. 

28. A computer readable medium containing program 
instructions for designating objects, said computer 
readable medium comprising: 

first computer readable code for receiving a 
word range of text to be highlighted; 
second computer readable code for providing a 
graphical region; 

third computer readable code for obtaining a 
word within the word range of text to be high- 
lighted; 

fourth computer readable code for determining 

a bounding rectangle for the word; 

fifth computer readable code for determining if 

the bounding rectangle should be combined 

with a previous bounding rectangle; 

sixth computer readable code for combining 

the bounding rectangle with the previous 

bounding rectangle when said fifth computer 

readable code determines that they should be 

combined; 

seventh computer readable code devices for 
adding the bounding rectangle to the region 
when fifth computer readable code determines 
that they should not be combined; 
eighth computer readable code for repeating 
said third through said seventh computer read- 
able code until either the region has reached a 
predetermined size or all the words in the word 
range have been processed; 
ninth computer readable code for inverting the 
region; and 

tenth computer readable code for updating a 
display screen in accordance with the inverted 
region, thereby producing the designated text. 
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